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(57) Abstract: A system includes a plurality of power quality devices for continuously measuring and butfering power quality data
and transmitting the buffered power quality data on a periodic basis and one or more cloud-based servers communicatively coupled
to the plurality of power quality devices. The one or more cloud-based servers are operable to: receive the buffered data transmitted
by the power quality devices; decompress and store the buffered data in a database; and display on a web page one or more of a
stripchart, daily profile, histogram, waveform, vector diagram, harmonic bar chart, and 3D harmonic graph generated using the
stored data. The system also includes one or more computing devices communicatively coupled to the plurality of power quality
devices and the one or more cloud-based servers.
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Method and Apparatus for a Cloud-Based Power Quality

Monitor

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No.
14/684,795, filed April 13, 2015, entitled “Method and Apparatus for a Cloud-Based
Power Quality Monitor,” which is a non-provisional of U.S. Patent Application No.
61/979,201, filed April 14, 2014, the contents of which are hereby incorporated by

reference in their entirety.
TECHNICAL FIELD

[0002] The present specification generally relates to systems and methods for
measurement of power quality and, more specifically, cloud-based systems and

methods for measuring and monitoring power quality.
BACKGROUND

[0003] Traditional power quality (PQ) monitors require the user to travel to
the device to download recorded data before any analysis can be performed. More
advanced devices allow for remote connections directly to the monitor, but this still
requires an explicit data download period, and the presence of a good communication
link at the time of the download (which can be lengthy for a long recording). The
traditional data logger paradigm doesn’t allow for real-time or near-real-time

notifications, and makes timely data analysis difficult.

[0004] Additionally, modern IT requirements present formidable barriers to
traditional PQ analysis. Due to security requirements at many US electric utilities,
upgrading software packages and sharing PQ data files is a slow and cumbersome
process. Data retention policies can prevent long term storage of collected data, and
sending large data sets from one user to another is difficult with the increased file

sizes from modern recorders.
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[0005] Accordingly, a need exists for alternative systems and methods for

measurement and monitoring of power quality.

SUMMARY

[0006] In one embodiment, a system includes plurality of power quality
devices and one or more cloud-based servers communicatively coupled to the
plurality of power quality devices. The plurality of power quality devices
continuously measure and buffer data including at least one of RMS voltage, RMS
current, real, reactive and apparent power, power factor, displacement power factor,
phase angle, harmonic magnitudes and phases, interharmonics, IFL, Pst, and Plt
flicker, symmetrical components, phasors, aggregating triggered waveforms, and
transients, and periodically transmit the buffered data. The one or more cloud-based
servers are operable to receive the buffered data transmitted by the plurality of power
quality devices; decompress and store the buffered data in a database; display on a
web page one or more of a stripchart, daily profile, histogram, waveform, vector
diagram, harmonic bar chart, and 3D harmonic graph generated using the stored data;
and correlate an event alert received from a first of the plurality of power quality

devices with data received from a second of the plurality of power quality devices.

[0007] In another embodiment, a computer-implemented method includes
receiving, from a first power quality device, at least one of an RMS voltage, an RMS
current, a power factor, a displacement power factor, a phase angle, harmonic
magnitudes and phases, interharmonics, IFL, Pst, and Plt flicker, symmetrical
components, phasors, aggregated triggered waveforms, and transients approximately
every five minutes. The method also includes displaying a map on a web page,
wherein the map comprises a marker indicating a location of the first power quality
device and a second power quality device. Next, the method includes displaying on
the web page at least one chart or graph showing one or more of the RMS voltage,
the RMS current, the power factor, the displacement power factor, the phase angle,
the harmonic magnitudes and phases, the interharmonics, the IFL, the Pst, and Plt
flicker, the symmetrical components, the phasors, the aggregated triggered

waveforms, and the transients. The method further includes receiving, from the first
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power quality device, a triggered condition alert and identifying at least one related

event based on data received from the second power quality device.

[0008] In yet another embodiment, a system includes a plurality of power
quality devices for continuously measuring and buffering power quality data and
transmitting the buffered power quality data on a periodic basis and one or more
cloud-based servers communicatively coupled to the plurality of power quality
devices. The one or more cloud-based servers are operable to: receive the buffered
data transmitted by the power quality devices; decompress and store the buffered
data in a database; and display on a web page one or more of a stripchart, daily
profile, histogram, waveform, vector diagram, harmonic bar chart, and 3D harmonic
graph generated using the stored data. The system also includes one or more
computing devices communicatively coupled to the plurality of power quality
devices and the one or more cloud-based servers. The one or more computing

devices are operable to receive a user input to the web page.

[0009] These and additional features provided by the embodiments described
herein will be more fully understood in view of the following detailed description, in

conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The embodiments set forth in the drawings are illustrative and
exemplary in nature and not intended to limit the subject matter defined by the
claims. The following detailed description of the illustrative embodiments can be
understood when read in conjunction with the following drawings, where like

structure 1s indicated with like reference numerals and in which:

[0011] FIG. 1 schematically depicts a system for monitoring a power
distribution system including multiple remote power quality monitors according to

one or more embodiments shown and described herein;

[0012] FIG. 2 schematically depicts a power quality monitor according to one

or more embodiments shown and described herein;



WO 2015/160779 PCT/US2015/025710

4-

[0013] FIG. 3 schematically depicts a cloud-based server system according to

one or more embodiments shown and described herein;

[0014] FIG. 4 schematically depicts a web-based front end according to one

or more embodiments shown and described herein;

[0015] FIG. 5 is a block diagram of an example process for operating a power

quality device according to one or more embodiments shown and described herein;

[0016] FIG. 6 is a block diagram of an example process for receiving data
from a power quality device at the cloud-based server system according to one or

more embodiments shown and described herein; and

[0017] FIG. 7 is a block diagram of an example process for operating a web
server on the cloud-based server system according to one or more embodiments

shown and described herein.

DETAILED DESCRIPTION

[0018] Various embodiments describe a system including at least one power
quality (“PQ”) device communicatively coupled to one or more cloud-based servers.
The system may enable a user to use a standard web browser to analyze data that the
PQ device has fed into the system as it was collected, so data is always up to date

from all devices, with no explicit download required.

[0019] Various embodiments of a cloud-based power quality monitoring
system are described here. Generally, the system is composed of two parts — one or
more physical PQ devices, and the cloud-based PQ software. The PQ devices are
installed in the electrical distribution system, often at the point of common coupling
with an electric power customer, a monitoring point in the utility’s infrastructure, or
at the electrical connection to sensitive or high-value equipment (e.g., large

electronically controlled motor).

[0020] As shown in FIG. 1, the system may include one or more power

quality (PQ) monitors 101 and a cloud-based server system 107. The PQ devices 101



WO 2015/160779 PCT/US2015/025710

-5-

may be installed in a power distribution system, and may receive voltage from a
powerline 103 through a voltage input 102. The PQ device 101 may use a wireless
communications device 104 to communicate, using wireless signals 105 (represented
as lines for the purposes of illustration only) with the cloud-based server system 107,
through a network 106. The network 106 may be, for example, the Internet. A
computing device 108 and an external utility system 109 may access the cloud-based

server system 107, for example, through the network 106.

[0021] FIG. 1 includes multiple PQ devices 101, which may be installed at
strategic locations in a power distribution system. The cloud-based server system
107 may receive data from, and send data to, any of the PQ devices 101. Data
received from the PQ devices 101, such as, for example, voltage readings, including
RMS voltage, may be stored by the cloud-based server system 107, for example in a

database.

[0022] The PQ device 101 is a device that can operate as a standalone
monitor, or in conjunction with the cloud-based server system 107, and in particular
the software hosted by the cloud-based server system 107. The PQ device 101 may
be, for example, a device such as the Boomerang®, the Revolution®, or the
Guardian® available from Power Monitors, Inc. (Mt. Crawford, VA). In various
embodiments, the PQ device 101 may be a device including the features and
functions such as those described in greater detail in commonly owned U.S. Patent
Nos. 7,881,907, 7,209,804, and 8,775,109, each of which is hereby incorporated by

reference in its entirety.

[0023] FIG. 2 schematically depicts a PQ device 101 in greater detail. As
shown in FIG. 2, the PQ device 101 includes the voltage input 102 for the powerline
103. The PQ device 101 may also include a voltage reducer 301, a signal
conditioning circuit 302, an analog to digital (A/D) convertor 303, a microprocessor
304, the wireless communications device 104, and a low power wireless
communications device 306. In various embodiments, the PQ device 101 includes
circuitry and external leads. The external leads connect to the voltage to be recorded,

and the transducers clamp around the conductor of the voltage or use other means to
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convert the current flow into a suitable input signal. The circuitry may be contained
within a unitary casing, or an external clamp portion may be utilized to incorporate
signal conditioning circuitry. In some embodiments, a current transducer may also

be included.

[0024] The voltage reducer 301 may be any suitable device for reducing the
voltage received by the voltage input 102 from the powerline 103. For example, the
voltage reducer 301 may be a resistive divider circuit. The signal conditioning
circuit 302 may be any suitable device for conditioning the reduced voltage signal
from the voltage reducer 301. For example, the voltage reducer 301 may be a low-

pass filter.

[0025] The A/D convertor 303 may be any suitable device for digitizing an
analog signal. The A/D convertor 303 may receive the voltage signal and convert the
voltage signal into a digital signal including digital samples, using any suitable
sample rate. The digital signal from the A/D convertor 303 may be sent to the

microprocessor 304.

[0026] In various embodiments, sampling rates can include approximately
256 samples per line cycle (e.g., 1/(256x60Hz) = 65 microsecond sample length), or
IMHz or higher for high-speed transient capture. The raw waveform samples may
be fed into the microprocessor 304 (i.c., a digital signal processor or DSP) so that
RMS voltage, RMS current, real, reactive and apparent power, power factor,
displacement power factor, phase angle, harmonic magnitudes and phases,
interharmonics, IFL, Pst, and Plt flicker, symmetrical components, phasors (as per
the Phasor Measurement Unit specification) and other PQ metrics may be computed

on a cycle-by-cycle basis (or other time period, as appropriate).

[0027] The sampling may be synchronized to the line frequency through
software PLL algorithms. In various embodiments, these measurements are
aggregated into 1 second averages, maximums, and minimums. In some
embodiments, programmable triggers may cause the cycle readings or raw waveform

data to be stored as a waveform or transient capture record.
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[0028] In various embodiments, the 1 second min/ave/max readings are
further processed by the PQ device 101 to form longer term averages, daily profiles,
histograms, GE flicker records, significant change records, etc. This data may be
stored locally in the PQ device 101, and may also be aggregated and sent to the
cloud-based server system. The aggregation sizes for triggered waveforms,
transients, and other triggered PQ events may vary and, in some embodiments, are
user adjustable, to allow trade-offs in compression efficiency and faster updates to

the cloud-based server system.

[0029] In various embodiments, the 1 second min/ave/max readings for each
PQ metric are further collected into a buffer sized to minimize network overhead
when transmitting to the cloud system. A typical buffer length may be 1 minute, 5
minutes, or another suitable length. The data is then re-arranged to facilitate
compression, and then fed to a compression algorithm. The compressed data
wrapped with a header that identifies the monitor, and also the recording session, so
that the cloud software can reconstruct a recording session from the continuous
stream of data. The data is time-stamped from the device’s internal real time clock
(RTC). The RTC is synchronized through NTP or SNTP if a reliable time server is
available via network connection, and/or GPS if present in the cell modem hardware
or as a separate subsystem in the PQ device. The RTC internal oscillator may be
disciplined to the GPS clock so that in periods of no external reference, the RTC
clock is as accurate as possible. In some embodiments, this packet may be sent
through the wireless communications device 104 or low-power wireless
communications device 306, although other communications channels may be used
depending on the particular embodiment. The communications channels may
include, but are not limited to, Bluetooth, WiFi, cellular (CDMA, TDMA, GSM,
LTE, etc.), optical, satellite, RF, conventional telephone system, Ethernet (wired or

wireless), LAN, WAN, or the like.

[0030] In various embodiments, the PQ device 101 continuously measures
and buffers PQ information, and checks for any triggering conditions. In some
embodiments, the PQ device 101 contains all analog and digital circuitry necessary to

digitize voltage and current waveform data collected from the conductor, transducer,
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and external leads. From such data, power quality parameters such as RMS voltage
and current, real power, apparent power, phase angle, reactive power, power factors,
harmonics (including magnitudes and phases), displaced power factor, total harmonic
distortion, total power quantities, total real power, total reactive power, total apparent
power, total power factors, phase angles, cycle histograms, cycle event changes,
flicker, abnormal voltages, tansients, and power outages, and the like can be
computed by the PQ device 101. In some embodiments, the PQ device 101 may also

aggregate triggered waveforms.

[0031] In some embodiments, the PQ device 101 includes hardware capable
of current measurements, such as, for example, Rogowski coil transducers with

hardware or software integration.

[0032] In various embodiments, the low power wireless communications
device 306 may be any suitable device for wireless communication and data
transmission, including, for example, RF, Wi-Fi, or Bluetooth devices. The low
power wireless communications device 306 may wirelessly communicate with
various external sensors 305, using, for example, a low power wireless
communications protocol. The low power wireless communications device 306 may

be part of, or separate from, the wireless communications device 104.

[0033] External sensors 305 may include temperature, solar insolation,
humidity, or other environmental sensors, or to sensors attached to other electrical
devices (e.g., oil temperature and pressure sensors on a distribution transformer,
battery sensors on substation battery banks). These sensors may use energy
harvesting techniques for power, and present slow-rate data to the PQ device 101.
Alternatively, external sensors 305 may connect to the PQ device 101 through USB
or Ethernet. In the case of Ethernet, Power over Ethernet (PoE) techniques may be
used, where the PQ device 101 supplies power to the sensors over the Ethernet
connection. In embodiments including external sensors 305, the PQ device 101 may
read the sensor data, and incorporate the sensor data into its own processing,
including data storage, alert trigger processing, and transmission to the cloud-based

server system 107.
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[0034] In some embodiments, the PQ device 101 may optionally include an
interface to a SCADA system, for example using the DNP3 or IEC-61850 protocol.
With this interface, the PQ device 101 is a slave to the SCADA master, and can be
polled at any time, or send unsolicited response by exception messages if a trigger
condition is met. The SCADA interface may use the same network connection as the
cloud interface, or a separate one (¢.g. SCADA using Ethernet, cloud using CDMA
cell modem). Separate interfaces allow the SCADA side to reside in a secure

network environment, segregated from the cloud-based server system 107.

[0035] One embodiment for the PQ device 101 includes suitable voltage and
current transducers for connecting to low voltage (600V and below) power
distribution networks. The PQ device 101 includes a DSP for computing real-time
PQ measurements. A secondary processor (e.g. 32-bit ARM-based controller)
collects data from the DSP, manages communications from all ports, handles data
storage, and performs all other processing. Available communication ports include
Bluetooth (Class and Low Energy), WiFi (ad-hoc and Access Point mode), cell
modem (CDMA/GSM/LTE), Ethernet, high speed USB (dual mode, supporting
connection to a PC as a peripheral, acting a host when a USB flash drive is attached),
and ANT (for connection to external sensors). In this embodiment, the PQ device
101 draws power from the voltage or current signals that it is measuring. Some
embodiments use an AC power supply capable of powering the device over the full
measurement range (e.g. 60-600VAC, or 80-250VAC for residential meter base
applications) while other embodiments may involve energy harvesting via capacitive
coupling to the voltage monitoring points, or inductive coupling to the current being
monitored. A rechargeable battery or super capacitor may allow for ride-thru power
during a power outage. Ride-thru power may be used to continue recording through
a loss of line power, and/or to provide power for sending a "last-gasp" notification to
the cloud-based server system 107 (which may trigger an email or SMS notification),

or to a SCADA master.

[0036] In some embodiments, such as embodiments for residential service
monitoring, a Form 2S meter base collar is located between a revenue meter and

meter base. In this embodiment, a specialized enclosure contains the PQ device 101,
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and allows for voltage and current to pass through the PQ device 101 from the meter
base through to the revenue meter. Antennas for Bluetooth, WiFi, GPS, cell, and
ANT may be located inside the enclosure to maximize user safety, but may be
mounted externally to extend RF range. An external LED and USB port may be
included for status monitoring and local connections. In some embodiments,
galvanic isolation may be present for the USB connection. In this embodiment, the
PQ device 101 includes two voltage and two current channels. The outer Form 2S
enclosure may contain an inner plastic enclosure, designed to contain and protect the

electronics from the outside environment.

[0037] Other physical form factors include small rectangular shapes, using
banana jack inputs or fixed leads, and incorporating external Rogowski coil or iron
core clamps. These embodiments can be used inside transformer enclosures,
electrical panels, or in other small spaces. In this embodiment, the device includes

multiple channels for polyphase electrical systems.

[0038] One embodiment plugs into a standard 120V receptacle, and includes
a 120V pass-through outlet so that a load may be plugged into it. In this
embodiment, the outlet optionally may be switchable using a relay or other switch
inside the PQ device 101. In this embodiment, the PQ device 101 may include one
or two voltage channels (one for line-neutral, or two for measuring line-neutral and

neutral-ground voltages) and one current channel.

[0039] In various embodiments, the PQ device 101 may connect to the cloud-
based server system 107 when it is powered on, and may send status messages and
other information, such as buffered data to the cloud-based server system 107. In
various embodiments, the buffered data is sent periodically to the cloud-based server
system 107, providing near-real-time access to users. The period for transmission
may vary depending on the particular embodiment, and in some instances, on a
particular setting within an embodiment. In some embodiments, the buffered data is
sent approximately every five minutes. In some embodiments, the buffered data is
sent approximately every one minute. In still other embodiments, the buffered data is

sent approximately every second.
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[0040] In various embodiments, the PQ device 101 can record triggered
waveforms, transients, min/ave/max data aggregations, histograms, and/or daily
profiles into internal non-volatile memory, in parallel with the transmission of data
into the cloud system to enable later transmission to the cloud-based server system
107 in case of temporary loss of communication. In some embodiments, recording of
triggered waveforms, transients, min/ave/max data aggregations, histograms, and/or
daily profiles may also enable data download by a PC, tablet, or smartphone, such as
computing device 108 in FIG. 1. This data may be analyzed directly on the
downloading device (e.g. by PC software), saved to a data file, or uploaded to the
cloud system later. Once uploaded, the data is available to cloud users as if it had

been sent directly by the device.

[0041] In some embodiments, the PQ device 101 may also be operable to
stream data to a local device, such as computing device 108. For example, a tablet or
other mobile PC running an application could connect to the PQ device 101 using
Bluetooth or WiFi. In some embodiments, computing device 108 can connect to the
PQ device 101 via the network 106. In various embodiments, TCP/IP may be used
once the WiFi links are established. In some situations, Bluetooth Low Energy may
be used for an initial link, and communication may transition to WiFi for faster
speeds. If the computing device 108 (table, smart phone, PC, etc.) has a cellular data
connection, the PQ device’s cell or Ethernet connection may be used, with TCP/IP
communications between the two through both devices’ cell connections. In the case

of a PC, a local USB connection may also be used.

[0042] In some embodiments, real-time waveforms, harmonics, vector
diagrams, etc. may be queried and displayed by the app from the computing device
108, which presents a full protocol for retrieving all PQ parameters. In addition, all
recorded data may be downloaded onto the computing device 108 from the PQ

device 101, as mentioned earlier.

[0043] In addition to sending the full suite of PQ measurements to the cloud-
based server system 107, the PQ device 101 also checks for trigger conditions on

cach of the measurements. Each measured parameter may have multiple high and
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low trigger thresholds, with optional sliding averaging window, hysteresis, and
minimum trigger time required to meet a trigger condition. If met, a message is sent
immediately to the cloud system, along with trigger details. Optionally, all other
queued data is flushed to the cloud-based server system 107 when a trigger fires, so
that all data is immediately available to cloud users. Any triggered alert conditions
detected by the PQ device 101 are sent immediately, possibly triggering emails, text

messages, or other actions by the cloud-based server system 107.

[0044] The cloud-based server system 107 is composed of one or more
servers, executing several processes. The cloud-based server system 107 listens for
incoming data from external PQ devices, decompresses and stores the data in a file
system or database, and post-processes the data for more efficient retrieval. The
cloud-based server system 107 also hosts a web-based front end for users to log in,
access stored data in the form of graphs and reports, configure PQ devices, and set up
email/SMS distribution lists, etc. The cloud-based server system 107 sends
formatted email and SMS messages based on trigger conditions received from the PQ
devices, as configured by the user through the web front end. The cloud-based server
system 107 may also link with PC-based standalone PQ software, importing and/or

exporting data to and/or from other software.

[0045] The cloud-based server system 107 can be accessed from a standard
web browser by the end-user, eliminating the need for installing PC software or
involving IT groups. The cloud-based server system 107 can be accessible from a
desktop PC, phone, tablet, or any device with internet access and a standards-
compliant web browser. Since PQ data goes directly from the PQ device 101 to the
cloud-based server system 107, the data is immediately available to all authorized

cloud users.

[0046] The continuous trickling of PQ data from each PQ device 101 to the
cloud-based server system 107 ensures that the most recent data is always available,

without physical access to the monitor or a lengthy remote data download.

[0047] Various embodiments for the cloud-based server system 107 include

a networked collection of servers, running Linux or BSD Unix. FIG. 3 illustrates an
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example embodiment of a cloud-based server system 107. As shown in FIG. 3,
cloud-based server system 107 includes at least one database 401 and a number of
processes, including listening process 402, an alarm process 404, an email and SMS
alert process 405, and a dataset process 408. FIG. 3 illustrates separate processes for
various tasks, and these may exist on separate servers, or combined onto a single
server. Cloud-based server system 107 is further illustrated as including a dataset
preprocessor 403, a web server 406, and an external interface 407. The cloud-based
server system 107 may be any suitable combination of hardware and software, and,

as illustrated in FIG. 1 is connected to the network 106.

[0048] The database 401 may be any suitable combination of software and
hardware for implementing a database. The database 401 may be implemented on
the same hardware as the rest of the cloud-based server system 107 or may be
implemented on separate hardware as part of the cloud-based server system 107. The
database 401 may store the data sent to the cloud-based server system 107 from the

PQ devices 101.

[0049] In various embodiments, database 401 is a relational database (e.g.
DB2, or MySQL) and may be used to store metadata including, but not limited to,
PQ device identification, location, user account information, email and SMS
distribution lists, etc. Raw PQ data may be stored in the database, or optionally
stored as separate binary files in a suitable file system (e.g., zfs). In the case of
external files, the database 401 may store file pointers to the raw data, or metadata
that allows the file names and directories to be computed algorithmically as needed.
File-based data may be stored on one or several machines or virtual machines. In
some embodiments, a file system is used in place of, or in addition to the database

401.

[0050] In various embodiments, the data is stored in the database 401 in
chunks, which may be, for example, 240 to 1800 data points long. The data may be
chunked in the PQ device 101 or by a process on the cloud-based server system 107,
such as a process performed by the dataset preprocessor 403. For example, the

dataset preprocessor 403 may accumulate incoming data and resize the chunks to the
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desired chunk level. Chunking the incoming data from the PQ devices 101 may
allow for increased database performance by avoiding performing an insert operation
on the database 401 for each received data point. The chunks may be stored with a
timestamp and chunk length.

[0051] In various embodiments, data decimation is used to reduce the
bandwidth required for very long duration graphs. The original 1 cycle min/max and
1 second average values for each PQ quantity are available, as measured by the PQ
devices, but the user may also change the averaging interval. For example, a 1
minute average may be desired instead of 1 second. The data stored on the server is
decimated in a way that facilitates this. For example, with a decimation factor of 10,
cach data source is stored in raw form, then with the first level of decimation, the
min, average, and max values over those 10 points is stored (for a net reduction of
10/3 in data size). The next high decimation level combines 10 of the first set of
decimated values to generate min/ave/max value over 100 of the original raw data (a
data reduction of 100/3). At the next higher level, min/ave/max values are generated
from 10 of the previous level, and so on as needed. This decimation process is
performed for each separate data type from the PQ device, including the individual 1
cycle minimum and maximum, and 1 second average trend data sets. The min and
max decimated values are used for generating decimated graphs, and the decimated
average values are used for computing graphs of different averaging intervals, and

daily profiles.

[0052] The database 401 may also store the data as decimated stripchart data.
For example, if a graph of one year’s worth of stripchart data, including one-second
averages, 1s desired, a large number of points may be returned: 86400x365 = 31
million points. If this is graphed on a normal sized display, such as, for example, a
1024 pixel wide graph, each pixel column in the x-axis may have over 30,000 points,
and thus each point may not be visible. Instead of returning all 31 million points, it
may suffice to just return two sets of reduced-resolution traces. In this case, a
decimation factor of 4096 may be used, resulting in two traces of 7500 points. Each
of those “points” may cover 4096 actual stripchart points. One trace may be a time

series of the maximum values of each set of 4096 points, and one trace may be the
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minimum values. These two traces may be sent to the requesting application, and
graphed. The graph may be rendered by drawing a line from the Ist point’s
maximum value, to that point’s minimum value, then to the next point’s maximum
value, at most one pixel over on the x-axis, and so on. This graph would may be
visually identical to graphing the original 31 million point dataset, and may still show
the absolute maximum and minimum values, no matter how far out the graph is
zoomed. If a user zooms in on the graph, a new decimated stripchart may be
returned. If the requested points are small enough, a different decimation level may

be used, or none at all.

[0053] One decimation strategy may be, for example, to use factors of 16.
The raw chunked data may be stored normally in the database 401. The data may
then be decimated by a factor of 16, and the maximum/minimum values may be
stored. For example, for every 16 points in a chunk, a maximum value and minimum
value may be stored. These values may also be stored in chunks in the database 401.
The decimated data may then be further decimated by a factor of 16, and so on. For
example, as many as 8§ levels of 16x decimation may be required. When a stripchart
request is received, a start time and end time may be received. A process on the
cloud-based server system 107, such as, for example, the dataset process 408, may
compute the appropriate decimation level such that a suitable number of points are
returned. The number of points returned may be large enough so that the graph of
maximum/minimum values may be visually identical to the full dataset plot, but no

larger, which may minimize the amount of data transferred.

[0054] The decimated stripcharts may be computed as the data is received by
the cloud-based server system 107, for example, by the dataset preprocessor 403, and
then sent to the database 401 in real-time, or an offline batch process may retrieve the
raw data from the database 401, decimate it, and store it back in the database 401.
Alternatively, the data may be stored in the database 401 without decimation, and
decimation may performed as necessary when data is requested from the database
401. This may allow the sending of the smaller sets of data provided by decimation,
without having to maintain a decimated database 401. In an alternate embodiment,

decimated data may be stored as binary files instead of directly in database 401.
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[0055] The dataset preprocessor 403 may also listen for bulk data transfers
from PC, tablet, or smartphone applications, typically data downloaded from a PQ
device via a local connection. Recorded data files from PQ devices 101 may be
uploaded into the cloud-based server system 107 from separate PC software, tablet,
or smartphone device. These files, previously downloaded via local or remote
connection to a PQ device 101, represent individual recording sessions. Once
uploaded, these recordings are available for data analysis in the same way that data
streamed directly to the cloud-based server system 107 from a PQ device 101 is
presented. Incoming downloaded data is converted to the cloud-based server system
data format, indexed, optionally decimated, stored for viewing view the web
interface. Data from either source is able to be graphed or reported together. A
unique recording session ID is attached to each incoming packet from a PQ device,
which allows streamed data to be matched with a recorded file from the same PQ

device and time period that may be uploaded later.

[0056] Usage logs may be kept, which may be used to identify which graphs
and reports are most likely to be accessed. Graphs and reports identified as likely to

be accessed later may be pre-rendered by an offline batch processor.

[0057] The listening process 402 listens for incoming connections from PQ
devices 101, receives data packets, parses the contents, and distributes the data to
other processes, such as the dataset preprocessor 403 and the alarm process 404. The
listening process 402 may be any suitable combination of hardware and software,
such as, for example, back-end software running on a general purpose CPU in the
server system 107. In some embodiments, the listening process 402 may decompress

stripchart and other data.

[0058] The dataset preprocessor 403 may be any suitable combination of
hardware and software. The dataset preprocessor 403 may receive data from the
listening process 402, and may perform point chunking, and decimation, as described
above, and may insert the data into the database 401 in any suitable manner. For
example, data may be inserted into the database 401 directly after being processed

through the dataset preprocessor 403, or raw and decimated stripchart buffers may be
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kept in memory, and when the desired chunk size reached, written to the database
401. In some embodiments, the raw data may be stored in one or more files. For

example, a file system may be employed instead of a database.

[0059] The alarm process 404 may be any suitable combination of hardware
and software for detecting alarm conditions, and may be separate from the database
401, or may be implemented within the database 401 using database triggers and
stored procedures. The alarm process 404 may receive raw data from the listening
process 402, and may parse the data looking for alarm and event messages from the
PQ devices 101. If the alarm process 404 finds an alarm trigger condition in the data,
the database 401 may be queried for what action to take. The alarm process 404 may
also cache the alarm status of each remote measurement device 101, the latest status
values, and the latest real-time analog readings. These cached values may be used to

feed the web server 406, to avoid excessive queries to the database 401.

[0060] In various embodiments, when a triggered condition alert, an alarm, or
an event message is received by the cloud-based server system 107, and specifically
the alarm process 404, the alarm process 404 may identify at least one related event
based on data received from another PQ device. In some embodiments, the alarm
process 404 may correlate the event message received from one PQ device with data
received from a different PQ device. For example, a first PQ device may send an
event message which may trigger the alarm process 404 to review data from other
PQ devices for the same time period in order to identify a related event. In some
embodiments, the alarm process 404 attempts to identify related events based on a
user input, such as an instruction to review the data from one or more other PQ
devices. In various embodiments, the data corresponding to the event from multiple
PQ devices may be displayed on a web page by the web server 406, as described

hereinbelow.

[0061] In various embodiments, the cloud-based server system 107 transmits
at least one email or SMS message to a user responsive to receiving an alert or
trigger condition from the PQ device 101. The alarm process 404 may identify the

alert or trigger condition and trigger the email and SMS alert process. The email and
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SMS alert process 405 may be any suitable combination of hardware and software
for transmitting alert communications from the server system 107. The email and
SMS alert process may query the database 401 to determine the correct distribution
list for a specific alarm condition. The email and SMS alert process 405 may send
out alerts, for example, using email and SMS messages, when notified of an alarm
condition or event message, such as a trigger condition, by the alarm process 404.
Email alerts may be formatted, and may include text or graphical data displays, and
URLs which load web content. Emails and SMS messages may be configured

according to the particular alert and device.

[0062] The dataset process 408 may be any suitable combination of hardware
and software for retrieving and processing data from the database 401. When a
stripchart request is received from, for example, the web server 406, the dataset
process 408 may query the database 401 for the necessary chunks needed to build the
desired stripchart data. The dataset process 408 may retrieve the chunks, and
reconstruct the data for the desired interval using the chunked data. The dataset

process 408 may also be used to generate reports and graphs using the retrieved data.

[0063] The web server 406 may be any suitable combination of hardware and
software for hosting a web page. In some embodiments, the web server 406 may be
an Apache server. The web server 406 may host a web front-end, such as, for
example, a web page accessible through the Internet, which may act as a user
interface for the demand management monitoring system. The web server 406 may
be accessible over the network 106 to any suitable computing device 108, such as,
for example, a personal computer or smartphone. In various embodiments, the
website is configured to provide data to a user without the use of any client-side
plug-ins or other code that require software installation. The web server 406 may be
able retrieve data as necessary from the database 401, for example, using the dataset
process 408, and may be able to communicate with the PQ devices 101, allowing the

PQ devices 101 to be controlled through the computing device 108.

[0064] The external interface 407 may be any suitable combination of

hardware and software for interfacing with the external utility systems 109 (shown in
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FIG. 1). For example, the external interface 407 may include a DNP3 interface to an
electric utility SCADA system. The external interface 407 may act as a DNP3
gateway, and may respond to DNP3 polls and requests by returned the appropriate
data from the database 401, duplicating the responses the PQ devices 101 would have
sent if the PQ devices 101 implemented the DNP3 protocol. If an alarm or event is
received from the PQ devices 101 by the cloud-based server system 107, a
corresponding unsolicited message may be sent through the external interface 107 to
the external utility system 109, for example, using DNP3 to send a message to a
SCADA system. The external interface 107 may emulate the performance of a
system where the PQ devices 101 had direct links to the external utility system 109,
such as, for example, DNP3 links directly to a SCADA system.

[0065] Alternatively, the PQ devices 101 may interface directly with the
external utility system 109, for example, using DNP3 or any other suitable protocol,
while simultaneously interfacing with the server system 107. The PQ devices 101
may send compressed block data to the server system 107, and also send telemetry
data to the external utility system 109, for example, through the SCADA system, as
requested by the SCADA master controller. The PQ devices 101 may be able to send
alerts and alarm conditions through either interface. The PQ devices 101 may also

only interface with the external utility system 109, and there may be no server system

107.

[0066] In various embodiments, one or more additional processes may be
performed by the cloud-based server system 107. These processes may be included
in the processes identified hereinabove, or may be separate processes. For example,
a graph/report rendering process can handle incoming graph and report requests from
the web server 406 (generated by users on the website). This process gathers stored
data from PQ devices, renders the desired graph or report, and sends it to the web
server 406 for display in the user’s web browser. This graph/report rendering
process is also used to create formatted emails with embedded graphs. As another
example, a process may be used for real-time communications with PQ devices,
where the user initiates a link through the web interface for live data viewing. In

some embodiments, a supervisory process monitors other processes, restarting them
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if necessary, keeping process logs, and sending administrative alert and status emails
as needed for proper system operation. Although separate, distinct processes have
been described, it is contemplated that such processes may be integrated with one

another.

[0067] In various embodiments, the cloud-based server system 107 also

2

allows the user to put a PQ device 101 into “burst mode.” Burst mode enables the
cloud-based server system 107 to send a message to the PQ device 101, which then
sends live readings on a second by second basis back to the server, for display in the
user’s web browser. These readings can be text-based real-time measurements, or
entire waveforms, graphed as a time series, harmonic decomposition, or vector

diagram in the user’s browser.

[0068] Various embodiments enable the user to further modify the
configuration of the PQ devices 101 through the cloud-based server system 107.
Standard or custom configurations may be stored or retrieved from the database by
the user. In some embodiments, the cloud-based server system 107 may display an
interface for configuration of the PQ device, providing various configuration options
to the user. In some embodiments, the device configuration may be queried through
the cloud-based server system 107, altered by the user in the web browser, and sent
back to the PQ device 101. The user may alter the configuration of one or more PQ
devices by providing a user input at the interface indicating one or more
configuration settings for the PQ device(s). In some embodiments, device
configurations can be saved as a template to be applied to new PQ devices added to

the system.

[0069] In addition to connecting directly to the PQ device 101, as described
hereinabove, in some embodiments, the computing device 108 may connect to the
cloud-based server system 107. The cloud-based server system 107 can present data
to the user through the smartphone or tablet web browser, with customizations for
device-specific interaction (e.g., swipe and other gestures, pinch to zoom, rotating

screen, etc.) that may not be present on a traditional PC web browser. A custom
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smartphone or tablet app may also connect directly to the cloud-based server system

107 through a programming interface, bypassing the browser.

[0070] In various embodiments, the web page presents a map-based view of
the PQ devices, overlaying device status information with a map of the region, as
shown in FIG. 4. FIG. 4 depicts an exemplary web front-end. The web front-end
may be a web page 502, displayed in a web browser window 501. The web browser
window 501 may be part of any suitable web browsing software. The web page 502
may include a map 503, with markers, such as, for example, the marker 505, locating
the PQ devices 101. Information about the PQ devices 101, such as, for example,
current alarm status, serial number, name, current readings, and current
environmental measurements, may be displayed using graphical icons and indicators
on the web page 502, for example, in information sidebar 504. Information may also
be displayed in any other suitable manner, for example, in a pop-up window or on a
separate screen after selecting the marker 505 for one of the PQ devices 101 on the
map 503. The information displayed and the manner in which the information is
displayed may be settable by users, with the specific parameters pulled from the
database 401. For example, clicking on the marker 505 may pop up a display
window showing real time readings. The user may click to start “burst mode”, which
may cause the web server 406 to send a request to the PQ device 101 to start sending
real-time updates. In this mode, the web page 502 may display continuous real-time

readings, while burst mode lasts.

[0071] The locations of the PQ devices 101 may be entered manually, for
example, by dragging the markers 505 on the map 503, acquired from an on-board
GPS, or computed from cell tower location information gathered from the PQ
devices 101. Other utility assets may also be displayed on the map 503, along with
overlays for third party information such as weather (e.g., solar insolation, cloud
cover, temperature, humidity, etc.) or electrical distribution system information (e.g.,
line loading, known faults). Utility asset, weather, electrical distribution system, and
other information displayed on the map 503 may be acquired from the PQ devices

101 or from other weather sources, GIS asset data from electric utilities, such as, for
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example, pole locations, substation locations, and so on. These overlays may be

configured by the user.

[0072] Each account contains a subset of the PQ devices, so that users can
only view their own devices. A user may view graphs and reports of stripchart, daily
profiles, histograms, waveforms, vector diagrams, harmonic bar charts 3D harmonic
graphs, and the like of recent PQ data from one or more devices, and can easily zoom

in or out to view any desired time period.

[0073] The web page 502 may be used to request the generation of reports,
such as, for example, basic HTML reports. Using the web page 502, the user may
request a report, which may cause the web server 406 to invoke a process on the
server system 107, such as, for example, the dataset process 408, which may query
the database 401 for the values needed for the specific report, render it in HTML, and
display the report to the user on the web page 502. User input to the web page 502
can be received by the computing device 108 and transmitted to the cloud-based
server system 107. Optionally, the report may be rendered as a PDF, Excel
spreadsheet, or any other suitable format. The look and feel of the report may be
customized, for example, with a company logo, header, footer, and so on, by the user.
Users may also create reports by writing suitable code, with knowledge of the
database schema used by the database 401. Reports may also be created with a

graphical wizard or a drag and drop scheme.

[0074] Graphs of any time series data in the database 401 may be displayed
on a display of the mobile device 108 as the web page 502. For example, graphs may
include a stripchart, a daily profile, a histogram, a waveform, a vector diagram, a
harmonic bar chart, and a 3D harmonic graph generated using the stored data, among
other graphs and reports. In various embodiments, graphs and reports may show one
or more of the RMS voltage, the RMS current, the power factor, the displacement
power factor, the phase angle, the harmonic magnitudes and phases, the
interharmonics, the IFL, the Pst, and Plt flicker, the symmetrical components, the
phasors, the aggregated triggered waveforms, and the transients received from one or

more PQ devices. In some embodiments, graphs or charts may show the average of
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the RMS voltage, the RMS current, the power factor, the displacement power factor,
the phase angle, the harmonic magnitudes and phases, the interharmonics, the IFL,
the Pst, and Plt flicker, the symmetrical components, the phasors, the aggregated
triggered waveforms, and the transients received from one or more PQ devices over a
user-defined interval. User-defined intervals may be received through the web page

503 and used to calculate the averages, as described hereinabove.

[0075] A process on the server system 107, such as, for example, the dataset
process 408, may be invoked by, for example, an AJAX call, and may access the
stripchart data, including dechunking and appropriate decimation, from the database
401 and return the data as a JSON object to the web browser 501. Javascript code in
the web browser 501 may then render the graph on a canvas object for display on the

web page 502. Flash, JAVA, or PC client code implementations may also be used.

[0076] Graphs may be customized, including customized trace colors and
properties, annotations, markers, and so on. Stripchart information from one of the
remote measurement devices 101 can be added or removed from the graph
dynamically, for example, by dragging the marker 505 for the remote measurement
device 101 from the map to the graph, or by dragging a trace for the remote
measurement device 101 back off the graph. A custom view or annotated graph may
be saved in the database 401 for later recall, or saved as a URL which may be
bookmarked, or sent to other users. In various embodiments, the web graphing
system allows the user to mix data from multiple devices on to a single graph, and
also mix different measurement types (e.g., RMS voltage and THD) on a single
graph. Multiple plots, left and right y-axes, and stacked axis techniques are used to
meaningfully display large data sets. Clickable links on the graphs allow the user to
pull up triggered event data on trend graphs (e.g. an RMS voltage stripchart may
have a link that, when clicked, generates a waveform capture graph triggered at that

time).

[0077] Although individual magnitude and phase information from each
harmonic may be sent by the PQ devices 101, the cloud-based server system 107 may

also perform a spectral analysis from waveform capture directly, available to the user
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as a harmonic bar chart on the web page. An interactive harmonic graph allows the
user to select the time period in a waveform is analyzed. A similar method may be
used to present interactive vector diagrams. In addition, waveform data may be used
to compute a sample-by-sample sliding RMS capture graph. If such data is present,
the trend/stripchart graphs may be zoomed into a level that automatically switches to

a sample-based RMS view, or raw waveform.

[0078] In various embodiments, a web interface allows users to add or
remove uploaded data files, as discussed above, or share them with others. A graph
or report may be converted to a link which allows a second user to generate the same
graph (e.g. a link may be emailed to another user, which launches the website and
generates the graph when clicked). If the second user does not have an existing
account, a new, temporary one may optionally be created, or the link may require an
existing account, or membership in a certain group. Other users associated with the
same account may download files back to a PC that have been uploaded by prior
users, and data that has been sent directly to the cloud-based server system from a PQ
device in a specified time period may be exported into a file format suitable for
loading into standalone software (e.g., ProVision, Excel, etc.) In some embodiments,
all data packets with a common recording session ID may be combined to generate a

recording file equivalent to one generated from a local PQ device download.

[0079] Several methods may be used to charge a fee for the cloud service. In
one embodiment, a fixed time period (e.g., last rolling two weeks) is offered for free,
or a reduced charge, and a separate fee is charged for permanent storage. In another
method, a yearly fee may be associated with data storage. Alternatively, live data
access and email alerts are offered for no fee, but long-term data storage may be
subject to a fee. A separate fee may be used for PQ device storage than for file

uploads from other software.

[0080] FIG. 5 depicts an exemplary procedure for operating a remote
measurement device. In block 601, a line voltage may be received from a powerline.
For example, the powerline 103 may be connected to the voltage input 102 of the PQ
device 101.
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[0081] In block 602, the voltage of the line voltage may be reduced. For
example, the PQ device 101 may have a voltage reducer 301, such as a transformer
or a pulse-withstanding divider resistor, connected to the voltage input 102. The line

voltage may pass through the voltage reducer 301 and end up with a reduced voltage.

[0082] In block 603, the line voltage may be subject to signal conditioning.
After being reduced in voltage, the line voltage may be conditioned in any suitable
manner by the signal conditioning circuit 302. For example, the line voltage may be

run through a low-pass filter.

[0083] In block 604, the line voltage may be converted into digital samples.
For example, the PQ device 101 may have the A/D converter 303 connected to the
signal conditioning circuit 302. After the voltage of the line voltage has been
reduced and conditioned, the line voltage may be digitized by the A/D converter 303

and output as a digital signal with digital samples.

[0084] In block 605, the RMS voltage of the line voltage may be calculated
based on the digital samples of the line voltage. For example, after the A/D
convertor 303 converts the line voltage to digital sample, the digital samples may be
fed into the microprocessor 304. The microprocessor 304 may use any suitable
algorithm for calculating RMS voltage based on the digital samples. The
microprocessor 304 may also receive other data, for example, from the external
sensors 305, which may be used in the calculation of RMS voltage, or may be
packaged along with the RMS voltage data for transmission to the cloud-based server
system 107. Alert or event messages may also be generated by the microprocessor

304, as appropriate, and sent along with the RMS voltage and other data.

[0085] In block 606, the RMS voltage and other data may be transmitted to a
server system. For example, the microprocessor 304 may send the RMS voltage and
other data to the wireless communications device 104. The wireless communications
device 104 may communicate with the network 106 with wireless signal 105. The
RMS voltage and other data may be routed through the network 106 to the cloud-
based server system 107, where the data may be received by, for example, the

listening process 402. The RMS voltage and other data may be compressed, and may
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be sent using a low data rate telemetry plan. For example, the RMS voltage and
other data may be compressed a compression rate of up to 30:1 using differential and
arithmetic compression techniques. The compression algorithm and chunk size of
the data may be adjustable, in order to allow for fine-tuning of the system to keep the

data transfer as small as possible.

[0086] Although the exemplary procedure of FIG. 5 specifically describes
computing RMS voltage, it should be understood that other PQ measurements, such
as RMS current, flicker, harmonics, waveform capture, etc., can be computed and

transmitted in a similar manner.

[0087] FIG. 6 depicts an exemplary procedure for receiving data from a PQ
device at a cloud-based server system. In block 701, data from a PQ device may be
received. For example, data, including RMS voltage and other data, sent from the
PQ device 101 may be routed through the network 106 to the cloud-based server

system 107. The listening process 402 may receive the data.

[0088] In block 702, the data may be checked for alarm and event messages.
For example, the listening process 402 may send the data to the alarm process 404,
and the alarm process 404 may determine if the data includes any alarm or event

mcssagces.

[0089] In block 703, if an alert or event message is detected in the data, flow

proceeds to block 704, otherwise flow proceeds to block 705.

[0090] In block 704, an alert may be sent out. For example, if the alarm
process 404 determines that the data includes an alert or event message, the alarm
process 404 may trigger the email and SMS alert process 405, which may transmit an
alert. The alert may be transmitted by email, SMS, or using any other suitable
manner of communication. The email and SMS alert process 405 may check the
database 401 to determine what kind of message to transmit based on the alert or

event message that was found in the data.

[0091] In block 705, the data may be preprocessed. For example, the

listening process 402 may send the data to the dataset preprocessor 403, where the
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data may be decimated and chunked, as described above. Any other preprocessing
may also be preformed, such as, for example, correlating the RMS voltage data with

the other data, including, for example, data from the external sensors 305.

[0092] In block 706, the data may be inserted a database. For example, after
the data has been preprocessed by the dataset preprocessor 403, the processed data

may be inserted in the database 401 for long term storage and retrieval.

[0093] FIG. 7 depicts an exemplary procedure for operating a web server on
the cloud-based server system. In block 801, a web server on a cloud-based server
system may receive a request from a computing device. For example, a user using
the computing device 108 may use the web browser 501 to navigate to the web page
502, which may display the map 503 and data on the PQ devices 101. The request
from the computing device 108 for the web page 502 and the data displayed on the
web page 502 may be transmitted through the network 106 to the cloud-based server

system 107, where the web server 406 may receive the request.

[0094] In block 802, data may be retrieved from a database in response to the
request for data. For example, the web server 406 may invoke the dataset process

408, which may retrieve the requested data from the database 401.

[0095] In block 803, the data may be processed. For example, the dataset
process 408 may process the data, for example, by decimating data that has not
already been decimated, and converting the data into a report or graph suitable for
display on the web page 502. The web server 407 may also process the data, for
example, correlating the data with the marker 505 for the appropriate PQ device 101
on the map 503.

[0096] In block 804, the data may be displayed on the web page. For
example, the data may be displayed on the web page 502 in the web browser 503, so
that the user may view and interact with the data on the computing device 108.
Displaying the data may include displaying the map 502, displaying the information
sidebar 504, displaying the data in pop-up windows, or in graph or report form.
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[0097] Since the cloud-based server system has data from multiple PQ
devices, various embodiments enable data analysis techniques that are difficult or
impossible otherwise. For example, aggregated data from multiple PQ devices can
be used to compute Total Demand Distortion over a distribution system. As another
example, the system model can be verified by having access to unified data from an
entire circuit. Correlations from PQ devices at different locations can be used to spot
trends or problems. In distributed generation systems, the map-based display can be
used to show the amount of locally generated power at each location in near-real-
time, and this can be overlaid with solar insolation or cloud cover to identify

impending changes or trends.

[0098] As used herein, a “computer” or “computer system” may be, for
example and without limitation, either alone or in combination, a personal computer
(PC), server-based computer, main frame, server, microcomputer, minicomputer,
laptop, personal data assistant (PDA), cellular phone, pager, processor, including
wireless and/or wire line varieties thercof, and/or any other computerized device
capable of configuration for receiving, storing and/or processing data for standalone
application and/or over a networked medium or media. Examples of communication
media that can be employed include, without limitation, wireless data networks, wire

line networks, and/or a variety of networked media.

[0099] Computers and computer systems described herein may include
operatively associated computer-readable media such as memory for storing software
applications used in obtaining, processing, storing and/or communicating data. It can
be appreciated that such memory can be internal, external, remote or local with
respect to its operatively associated computer or computer system. Memory may
also include any means for storing software or other instructions including, for
example and without limitation, a hard disk, an optical disk, floppy disk, DVD,
compact disc, memory stick, ROM (read only memory), RAM (random access
memory), PROM (programmable ROM), EEPROM (extended erasable PROM),

and/or other like computer-readable media.
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[00100] In general, computer-readable media may include any medium
capable of being a carrier for an electronic signal representative of data stored,
communicated or processed in accordance with embodiments of the present
invention. Where applicable, method steps described herein may be embodied or

executed as instructions stored on a computer-readable medium or media.

[00101] While particular embodiments have been illustrated and described
herein, it should be understood that various other changes and modifications may be
made without departing from the spirit and scope of the claimed subject matter.
Moreover, although various aspects of the claimed subject matter have been
described herein, such aspects need not be utilized in combination. It is therefore
intended that the appended claims cover all such changes and modifications that are

within the scope of the claimed subject matter.
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1. A system comprising:

a plurality of power quality devices for continuously measuring and buffering
data including at least one of RMS voltage, RMS current, real, reactive and apparent
power, power factor, displacement power factor, phase angle, harmonic magnitudes
and phases, interharmonics, IFL, Pst, and Plt flicker, symmetrical components,
phasors, aggregating triggered waveforms, and transients, and periodically
transmitting the buffered data; and

one or more cloud-based servers communicatively coupled to the plurality
power quality devices, the one or more cloud-based servers operable to:

receive the buffered data transmitted by the plurality of power quality
devices;

decompress and store the buffered data in a database or a file system;

display on a web page one or more of a stripchart, daily profile,
histogram, waveform, vector diagram, harmonic bar chart, and 3D harmonic
graph generated using the stored data; and

correlate an event alert received from a first of the plurality of power
quality devices with data received from a second of the plurality of power

quality devices.

2. The system of claim 1, wherein the one or more cloud-based servers are

further operable to decimate the stored data.

3. The system of claim 1, wherein the one or more cloud-based servers are
further operable to transmit at least one email or SMS message to a user responsive

to receiving an alert from the power quality device.

4. The system of claim 1, wherein the one or more cloud-based servers are
further operable to transmit at least one email or SMS message to a user responsive

to receiving a trigger condition from the power quality device.
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5. The system of claim 1, wherein the one or more cloud-based servers are
further operable to transmit an email to a user including the displayed one or more of
the stripchart, daily profile, histogram, waveform, vector diagram, harmonic bar

chart, and 3D harmonic graph generated using the stored data.

6. The system of claim 1, wherein the one or more cloud-based servers are
further operable to display on the web page an interface for configuration of the

power quality device.

7. The system of claim 6, wherein the one or more cloud-based servers are
further operable to transmit an altered device configuration to the power quality
device responsive to receiving a user input at the interface for configuration of the

power quality device.

8. The system of claim 1, wherein the power quality device transmits the

buffered data approximately every five minutes.

9. The system of claim 1, wherein the power quality device transmits the

buffered data approximately every minute.

10.  The system of claim 1, wherein the power quality device transmits the

buffered data approximately every second.

11. A computer-implemented method, the method comprising:

receiving, from a first power quality device, at least one of an RMS voltage,
an RMS current, a power factor, a displacement power factor, a phase angle,
harmonic magnitudes and phases, interharmonics, IFL, Pst, and PIlt flicker,
symmetrical components, phasors, aggregated triggered waveforms, and transients
approximately every five minutes;

displaying a map on a web page, wherein the map comprises a marker
indicating a location of the first power quality device and a second power quality

device;
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displaying on the web page at least one chart or graph showing one or more
of the RMS wvoltage, the RMS current, the power factor, the displacement power
factor, the phase angle, the harmonic magnitudes and phases, the interharmonics, the
IFL, the Pst, and Plt flicker, the symmetrical components, the phasors, the aggregated
triggered waveforms, and the transients;

receiving, from the first power quality device, a triggered condition alert; and

identifying at least one related event based on data received from the second

power quality device.

12. The computer-implemented method of claim 11, the method further
comprising:

displaying on the web page at least one chart or graph showing one or more
of the RMS wvoltage, the RMS current, the power factor, the displacement power
factor, the phase angle, the harmonic magnitudes and phases, the interharmonics, the
IFL, the Pst, and Plt flicker, the symmetrical components, the phasors, the aggregated
triggered waveforms, and the transients received from the first power quality device

and at least some data received from the second power quality device.

13. The computer-implemented method of claim 11, the method further
comprising:
sending an email or an SMS message to a user responsive to receiving the

triggered condition alert from the first power quality device.

14. The computer-implemented method of claim 11, wherein the at least one
chart or graph comprises a strip chart, a daily profile, a histogram, a wave form, a

vector diagram, a harmonic bar chart, or a 3D harmonic graph.

15. The computer-implemented method of claim 11, the method further
comprising decimating the at least one of the RMS wvoltage, the RMS current, the
power factor, the displacement power factor, the phase angle, the harmonic

magnitudes and phases, the interharmonics, the IFL, the Pst, and PIt flicker, the
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symmetrical components, the phasors, the aggregated triggered waveforms, and the

transients received from the first power quality device.

16.  The computer-implemented method of claim 11, the method further
comprising averaging the at least one of the RMS voltage, the RMS current, the
power factor, the displacement power factor, the phase angle, the harmonic
magnitudes and phases, the interharmonics, the IFL, the Pst, and PIt flicker, the
symmetrical components, the phasors, the aggregated triggered waveforms, and the

transients received from the first power quality device over an interval.

17. The computer-implemented method of claim 16, wherein the interval is

received from a user.

18. The computer-implemented method of claim 16, wherein the at least one
chart or graph shows the average of the at least one of the RMS voltage, the RMS
current, the power factor, the displacement power factor, the phase angle, the
harmonic magnitudes and phases, the interharmonics, the IFL, the Pst, and PIt flicker,
the symmetrical components, the phasors, the aggregated triggered waveforms, and

the transients received from the first power quality device over the interval.

19. A system comprising:

a plurality of power quality devices for continuously measuring and buffering
power quality data and transmitting the buffered power quality data on a periodic
basis;

one or more cloud-based servers communicatively coupled to the plurality of
power quality devices and operable to:

receive the buffered data transmitted by the power quality devices;

decompress and store the buffered data in a database;

display on a web page one or more of a stripchart, daily profile,
histogram, waveform, vector diagram, harmonic bar chart, and 3D harmonic

graph generated using the stored data; and
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one or more computing devices communicatively coupled to the plurality of
power quality devices and the one or more cloud-based servers and operable to

receive at least one user input to the web page.

20.  The system of claim 19, the one or more cloud-based servers operable to
display the one or more of the stripchart, daily profile, histogram, waveform, vector
diagram, harmonic bar chart, and 3D harmonic graph responsive to receiving a
request for the one or more stripchart, daily profile, histogram, waveform, vector
diagram, harmonic bar chart, and 3D harmonic graph based on the at least one user

input to the web page.
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